This study examined the efficacy of the OncoE6 TM Cervical Test, careHPV TM and visual inspection with acetic acid (VIA) in identifying women at risk for cervical cancer and their capability to detect incident cervical precancer and cancer at 1-year follow-up. In a population of 7,543 women living in rural China, women provided a self-collected and two clinician-collected specimens and underwent VIA. All screen positive women for any of the tests, a~10% random sample of test-negative women that underwent colposcopy at baseline, and an additional~10% random sample of test-negative women who did not undergo colposcopy at baseline (n 5 3,290) were recruited. 2,904 women were rescreened 1 year later using the same tests, colposcopic referral criteria, and procedures. Sensitivities of baseline tests to detect 1-year cumulative cervical intraepithelial neoplasia Grade 3 or cancer (CIN31) were 96.5% and 81.6% for careHPV TM on clinician-collected and selfcollected specimens, respectively, and 54.4% for OncoE6 TM test. The OncoE6 TM test was very specific (99.1%) and had the greatest positive predictive value (PPV; 47.7%) for CIN31. Baseline and 1-year follow-up cervical specimens testing HPV DNA positive was sensitive (88.0%) but poorly predictive (5.5-6.0%) of incident CIN21, whereas testing repeat HPV16, 18 and 45 E6 positive identified only 24.0% of incident CIN21 but had a predictive value of 33.3%. This study highlights the different utility of HPV DNA and E6 tests, the former as a screening and the latter as a diagnostic test, for detection of cervical precancer and cancer.
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Well organized, comprehensive cytology-based screening programs have reduced the incidence of cervical cancer by 70% or more. 1 More than 80% of the 530,000 annual cervical cancer cases and 270,000 annual cervical cancer-related deaths occur in women living in low-and middle-income countries (LMICs) 2, 3 due to their inability to establish or maintain a high-quality, high-coverage cytology-based screening programs. 1, 4, 5 As a consequence, and due to the common exposure to human papillomavirus (HPV) infection worldwide, cervical cancer remains a leading cause of cancer-related deaths and years of life lost in women living in developing countries, a situation markedly different from the developed world. 1, 6 New cervical cancer screening strategies have emerged including visual inspection after acetic acid (VIA) and molecular testing for high-risk human papillomavirus (hrHPV). Recent World Health Organization guidelines recommend hrHPV testing, if it can be afforded, or VIA instead of cytology for those countries that are unable to establish a highcoverage, effective cytology testing-based screening program. 7 In randomized clinical trials, testing for hrHPV DNA has shown to be more effective than cytology in reducing cervical cancer incidence in about 5 years 8 and more effective than cytology and VIA in reducing cervical cancer-related deaths in 8 years. 9 Importantly, hrHPV DNA testing is highly sensitive, and therefore a negative test provides excellent reassurance against cervical cancer or precancer over the coming years, permitting screening intervals to be safely extended. [10] [11] [12] For LMICs, cervical cancer screening strategies must be effective, affordable and sustainable, properties that cytologybased testing cannot satisfy. A new generation of hrHPV based tests has been developed to better meet these requirements for successful implementation of cervical cancer screening programs in LMICs. These new hrHPV tests are lower cost, faster and easier to use and, if validated, might offer an alternative method for cervical cancer screening of underserved women in LMICs.
Two Program Planning (START-UP) project. Here we report the ability of these tests to predict and detect newly diagnosed cervical precancer and cancer at the 1-year follow-up in a high-risk sub-cohort of the START-UP population.
Material and Methods

Population
Recruitment and sample size calculations, from October 2010 through June 2011, were previously described in detail. 15 The institutional review boards of PATH, Cancer Institute and Hospital, Chinese Academy of Medical Sciences (CICAMS) and US National Cancer Institute approved the study.
Enrollment visit
After an education session describing the study procedures and providing written informed consent, participants (i) completed a short risk-factor questionnaire administered by study personnel, (ii) self-collected a vaginal specimen in a private room, (iii) underwent a routine pelvic exam by female clinicians, at which time two cervical specimens were collected, the first specimen was a swab collected into a dry tube for the OncoE6 test and the second specimen was collected into careHPV TM Collection Medium (DCM; QIAGEN)
for HPV DNA testing and (iv) were screened by visual inspection after applying 5% acetic acid (VIA) to the cervix and waiting for 1 min.
Clinical management
Women were referred to colposcopy at baseline if they either were (i) "screen positive" at enrollment, i.e., positive by any one or more of the six tests performed (positive on HC2 and careHPV TM testing of self-collected and clinician-collected specimens, E6 and/or VIA) or (ii) selected as part of a 10% random sample of "screen-negative" women (negative on all six test results). All women referred to colposcopy had a rigorous evaluation that included using a 4-quadrant microbiopsy protocol as previously described. 15, 16 As dictated by the institutional review boards, women who had no visible acetowhite lesions had their screening results revealed: those who had any positive screening test underwent the 4-quadrant microbiopsy protocol whereas those who were screen negative had no biopsies taken. Women with a CIN21 underwent an excisional procedure such as loop Tumor Markers and Signatures electrosurgical excision procedure or if cancer was found, cancer management.
One-year Follow-up
Women who were referred to colposcopy at baseline as described above or selected as part of a second 10% random sample of screen-negative women at baseline had a 1-year follow-up visit, and the same tests and colposcopic referral criteria were applied.
Laboratory testing
As previously described, 15,17 the self-collected and second
clinician-collected specimen were tested for hrHPV DNA by HC2 and careHPV
TM
; careHPV
-positive specimens were also tested by a research-use only pooled probe set that targets HPV16, 18 
Statistical analysis
As shown in Figure 1 , of the 7,543 women recruited into the study; 7,539 women completed screening. After 1 year, 3,290 were invited for follow-up; of these 2,904 agreed to participate in the 1-year follow-up and 2,794 completed their follow-up. Additionally 2,625 completed follow-up and had a nonmissing baseline diagnosis of <CIN2. Combining baseline and 1-year follow-up diagnoses, excluding those women who had recurrent disease following baseline treatment for CIN21, there were cumulatively 55 cases of CIN2, 100 cases of CIN3 and 14 cases of invasive cervical cancer diagnosed or 169 cases of CIN21 and 114 cases of CIN31. In the 1-year follow-up, 25 cases of CIN21 and 12 cases of CIN3 were diagnosed. Only a single case of CIN21 was diagnosed (at the 1-year follow-up) among women who were negative for all baseline screen results. As a consequence, we did not adjust for verification bias in our sensitivity and specificity calculations. We calculated the percent positive of each screening test done at baseline for the worst cumulative 1-year diagnosis, under the assumption that there was virtually no disease to be diagnosed among women who were negative for all six screening results who were not followed for a year. Among those women who had a 1-year follow-up visit and a diagnosis of <CIN2 at baseline, we calculated the percent positive of each screening test done at the 1-year follow-up for the 1-year diagnosis.
We estimated the sensitivity, specificity and positive and negative predictive values for all screening tests performed at baseline for both 1-year cumulative worst diagnoses of CIN21 and CIN31. We also evaluated the sensitivity and specificity for CIN21 and CIN31 of the screening tests at 1-year follow-up among all women in the follow-up cohort.
We compared baseline HPV16, 18 and 45 DNA and E6 results, individually and pairwise (positive/positive, positive/ negative, negative/positive and negative/negative) with baseline diagnoses and 1-year follow-up diagnoses. Finally, for all screening tests, we compared paired baseline and 1-year results with the 1-year follow-up diagnoses.
Results Table 1 shows the comparisons of (i) baseline test results for the six screening tests and 1-year cumulative worst diagnoses and (ii) the 1-year test results for the six screening tests and the 1-year, newly diagnosed diagnoses. Similar relationships between the tests and the diagnoses were observed for both comparisons. HPV DNA detection in clinician-collected specimens was 80% in CIN1 and >90% for CIN2, CIN3 and cancer. By comparison, HPV16, 18 and 45 E6 detection increased from 10% for CIN1 to 50% in CIN3, and was positive in 78.6% of the cancers, all 14 of which were diagnosed at baseline. Baseline VIA was only sensitive (78.8%) for cancer; VIA at the 1-year follow-up identified only 2 of the 12 (16.7%) newly diagnosed CIN3, which was nonsignificantly less (p 5 0.1) than 44.3% of the baseline CIN3 cases that VIA identified as previously reported. 15 The performances of the screening tests for detection of 1-year cumulative CIN21 and CIN31 are shown in HPV DNA-positive CIN3 cases were also concurrently E6 positive (p 5 0.002, Fisher's exact). Table 4 examines the relationship of paired baseline and 1-year follow-up results for each of the six screening tests to 1-year newly diagnosed cases of CIN21 among those in the high-risk cohort of women undergoing follow-up, had a diagnosis at baseline that was <CIN2, and completed follow-up (n 5 2,625). In this cohort, 51.7% of HC2 positives and 47.8% of careHPV TM positives on clinician-collected specimens, 49.4% of HC2 positives and 44.0% of careHPV TM positives on self-collected specimens, 13.5% of VIA positives and 31.0% of HPV16, 18 and 45 E6 positives at baseline tested positive again at the 1-year follow-up.
Most newly diagnosed CIN21 cases tested hrHPV DNA positive on the clinician-collected specimens at both time points for both HC2 and careHPV TM (88% for both tests). Fewer cases of CIN21 and CIN31 tested positive by HC2 (72.0%) and careHPV TM (56%) on self-collected specimens; there were nonsignificantly more cases of CIN21 that were negative at baseline and positive at the 1-year follow-up (negative/positive) than the converse (positive/negative) for hrHPV DNA testing of self-collected specimens. The risks of 
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CIN21 and CIN31 were low, 6% for CIN21 and 3% for CIN31 (data not shown), among the repeat hrHPV DNA positives for either specimen using either test despite evidence of hrHPV persistence.
By comparison, 62.5% of the newly diagnosed cases of CIN21 were VIA negative at both time points. Only 24% of CIN21 were repeat HPV16, 18 and 45 E6 positive but 58.3% of CIN21 were positive at any time point. Repeat HPV16, 18 and 45 E6 positive was risky for CIN21 (33.3%) and CIN31 (22.2%; data not shown).
Discussion
We present the follow-up data of our first report 15 on comparison of several lower cost screening tests for detection of cervical precancer and cancer. As the primary end point, we used 1-year cumulative diagnoses, i.e., baseline diagnoses plus 1-year follow-up diagnoses in high-risk women, to account for missed prevalent or early, newly diagnosed disease that should have been detected by the screening tests in the first round. As observed here and previously, 15, 17 there was a sharp increase in the percentage of E6 positive with increasing severity of disease, with only 0.6% of negative women and 6.3% with CIN1 testing E6 positive. By comparison, most women with CIN1 were HPV DNA positive. HPV DNA detection was more sensitive and less specific for cervical precancer and cancer than E6 detection, even after controlling for HPV genotypes as discussed below, demonstrating that the HPV tests and the E6 biomarker are two different yet complementary tests serving two different purposes in secondary cervical cancer prevention. Testing hrHPV negative is very effective in ruling out disease, identifying a large subset of women who do not have clinically important infection and are therefore not at risk. Thus, they do not need to be screened for 5 or more years. 8, 10, 11, 18 Although HPV DNA detection does not differentiate between benign and clinically important infections, it does identify a subset of at-risk "symptomatic" women within whom a secondary diagnostic can be applied more effectively 19 and predicts who will develop CIN31 in up to almost 20 years.
11
By contrast, detection of elevated E6 oncoprotein identifies women most likely to have or develop true precancer, i.e., those with malignant potential. Of note, as shown in Table 3 , only 41 of 62 (66%) HPV16, 18 and 45 DNA-positive CIN3 vs. 11 of 12 (92%) HPV16, 18 and 45 DNA-positive cervical cancers were also E6 positive for the same types (p 5 0.09). (A) For baseline screening results and worst 1-year diagnoses (n 5 7,421); and (B) for 1-year follow-up screening results and 1-year diagnoses among women with a 1-year follow-up visit and who had <CIN2 at baseline (n 5 2,625). 1 Includes women who did not have biopsies and biopsies that were diagnosed as negative. 2 Excludes one CIN3 diagnosis at baseline which progressed to cancer diagnosis at 1-year follow-up.
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However, E6 detection alone is unlikely to provide long-term negative prediction of disease because it does not effectively rule out or detect most hrHPV infections, some of which could subsequently persist and develop into cancer. We also examined patterns of baseline E6 and DNA detection for HPV16, 18 and 45 in relationship to CIN2, CIN3 and cancer. Importantly, even when restricted to HPV16, 18 and 45 DNA positives, only 33.3% of baseline diagnosed CIN2 were positive for HPV16, 18 and 45 E6, which was similar to the fraction for CIN1 (34.9%, p 5 1.0) and much lower than the fraction for CIN3 (66.3%, p 5 0.01).
It is worth noting that a substantial percentage of CIN3 will never become invasive. In the 30-year follow-up of women with CIN3 (carcinoma in situ), approximately 30% became invasive cervical cancer. 20 The lifetime probabilities that CIN3 will become invasive or possibly regress are not known. While E6-negative CIN3 may indicate a low risk of becoming invasive cervical cancer immediately, it may subsequently develop invasive potential (and become E6 positive) in the interim until the next screen. Thus, while not all CIN3 diagnoses are truly precancer, i.e., has invasive potential, we to date rely on colposcopy/biopsy to identify women with CIN3 as our best proxy for cervical precancer and treat immediately. Until an alternative method of defining cervical precancer is identified, CIN3 will be used as the cervical precancer end point for evaluating new screening modalities.
Our analysis revealed that the greater specificity of E6 detection for CIN3 and cancer compared to DNA detection was not primarily due to restriction to the most carcinogenic HPV genotypes as has been observed for qualitative mRNA Table 2 . Sensitivity and specificity for cervical intraepithelial neoplasia Grade 2 (CIN2) or more severe (CIN21) and Grade 3 (CIN3) or more severe (CIN31) diagnoses of baseline test results and 1-year cumulative CIN21 and CIN31 diagnoses (n To further enhance applicability of the OncoE6 TM Cervical Test, we suggest several adaptations. First, the number of HPV types targeted by the assay needs to be expanded. Indeed, detection of E6 as a biomarker of malignant potential may also be more important in weaker carcinogenic HPV genotypes since an even higher proportion of those infections will be benign and will clear spontaneously. An important application of detection of E6 for these "weaker" carcinogenic HPV genotypes will be screening in populations that have been vaccinated against HPV16 and HPV18. Second, as previously discussed, 15 E6 detection from the same buffers used for HPV DNA detection would eliminate the need for collecting and handling a second specimen. Finally, as observed in Table 4 , there was evidence of "skip" patterns, i.e., positive and then negative prior to the diagnosis of CIN31, which might suggest that a slightly lower analytic threshold might improve its performance and reliability in those HPV-positive women who will develop CIN31. We did not quantitate the E6 signal on the detection strip to ascertain whether skip patterns were more apt to have lower signal positives than the positives followed by a second positive result. 1 These are paired comparisons where the former is the baseline test result and the latter is the 1-year follow-up result. 2 Versus negative/negative. 3 Two missing follow-up results. 4 Clinician-collected specimen. 5 Self-collected specime.
We noted that VIA detected only about half of the baseline cases of CIN3 and missed most of the few cases of newly detected CIN3 at the 1-year follow-up. In fact, VIA demonstrated only good sensitivity for baseline cervical cancers, which is consistent with what was observed in a recent study in India that found VIA only down-staged cancers. 22 Although the number of newly detected CIN3 cases was too small to come to any strong conclusions, the implication is that following sensitive screening, VIA may perform less well. We hypothesize that the first round of sensitive screening effectively removed all large CIN3 lesions, leaving only the smaller (missed) prevalent or newly diagnosed CIN3 lesions to be found in the next round of screening, which may be harder to visualize. While 11 of the 12 newly diagnosed CIN3 cases in Year 1 were HPV DNA positive at baseline, none was VIA positive at baseline.
The main limitation for this or any study of screening performance longitudinally is that we cannot differentiate between missed prevalent and truly newly diagnosed disease. The protocol, with sensitive screening and colposcopy, likely detected the vast majority of disease at baseline, inferring that most of the 25 cases of CIN21 at the 1-year follow-up were truly newly diagnosed disease. These cases likely progressed from HPV infection to CIN3 in the 12 months of follow-up, as we noted most newly diagnosed CIN3 were HPV DNA positive at baseline. But we cannot rule out the possibility that small lesions were missed at baseline but enlarged sufficiently to be detected at the 1-year follow-up. Another limitation is that we did not evaluate E6 detection on self-collected specimens. However, such an evaluation would have required an additional self-collected specimen as a dry swab, which may have impacted the interpretation of any tests done on the second self-collected specimen.
We conclude that there is now a menu of options for cervical cancer screening and management, 7, 23, 24 options that extends beyond and complement the traditional cytologybased approach and might overcome some of its limitations. These numerous options allow screening programs to be tailored to meet local demands, i.e., choice of screening test and algorithm should be based on the desired programmatic sensitivity and specificity, the capacities to implement the programs and the different tests within the programs, and immediate and follow-up costs. More data are needed on the effectiveness and cost-effectiveness of these different approaches, including the impact of multiple rounds of screening on performance.
